In this paper the questions of the definition of the centers optimum allocation in fuzzy transportation networks are observed by the minimax criterion. It is supposed that the information received from GIS is presented like a fuzzy graph. In this case the task of the definition of the centers optimum allocation transforms into the task of the definition of the graph vitality fuzzy set. The method and algorithm of the definition of the graph vitality fuzzy set is considered. The example of finding optimum allocation of centers in GIS for railway stations with the largest vitality degree is considered as well.
Introduction
The large-scale increasing and versatile introduction of a geographical information system (GIS) is substantially connected with the necessity of the perfection of information systems providing decision-making. GIS is applied practically in all spheres of human activity. Geographical information technologies have reached an unprecedented position now, offering a wide range of very powerful functions such as information retrieval and display, analytical tools, and decision support [1, 2] . Unfortunately, geographical data are often analyzed and communicated through largely non-negligible uncertainty. Uncertainty exists in the whole process from geographical abstraction, data acquisition, and geoprocessing to the use [3, 4, 5] .
One of the tasks solved with GIS is the task of the centers allocation [6] . The search of the optimum placing of hospitals, police stations, fire brigades and many other necessary important enterprises and services on some sites of the considered territory are confined to this task. In some cases the criterion of optimality can consist in the minimization of the journey time (or in the minimization of distances) from the service centre to the most remote service station. In other cases the criterion of optimality consists in the choice of such a place of allocating the centers so that the route from them to any other place of service could be passed best by some criterion of a way. In other words, the problem is the optimization of "the worst variant» [7] . However, very often, the information represented in GIS, happens to be of the approximate value or insufficiently authentic [8] . We consider that a certain railway system has n railway stations. There are k service centres, which may be placed into these railway stations. Each centre serves a station, and also some neighbouring stations with the given degree of service. The centers can fail during the exploitation. It is necessary for the given number of centers to define their best allocation. In other words, it is necessary to define the places of k centers into n railway stations so that the "control" of all the territory (all the railway stations) is carried out with the greatest possible service degree.
Basic concepts and definitions
It is supposed that the service degree of a region is defined as the minimal value from the service degrees of each area (railway station).
Taking into account that the service degree cannot always have a symmetry property (for example, by specific character and relief of the region) the model of this task is a fuzzy directed graph ) , ( U X G  [9] . Here, set X={x i }, ,...,n} , I={ i 2 1  is a set of vertices and
is a fuzzy set of directed edges with a membership function
defines a service degree of area j when the center is placed into area i. We assume that the service degree has the property of transitivity, i.e. if the service centre is in the area and serves area xj with degree
, and if the service center is in area xj and serves area xk with degree
then the service degree of area xk from area xi is
The task of the best allocation of the centers in a fuzzy graph can be reduced to the problem of finding a subset of vertices Y, from which all the other vertices of fuzzy graph X/Y reachable with the greatest degree. Considering the questions of the optimum allocation of the service centres we will focus on the concepts of a fuzzy directed way, and the degree of fuzzy graph vitality [9, 10] .
Fuzzy directed way
is a sequence of fuzzy directed edges from vertex xi to vertex xm:
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is called a simple way between vertices xi and xm if its part is not a way between the same vertices.
Vertex y is called a fuzzy accessible of vertex x in graph
if the fuzzy directed way from vertex x to vertex y exists.
The accessible degree of vertex y from vertex x, (xy) is defined by the following expression
where p is the number of various simple directed ways from vertex x to vertex y.
On the basis of the presented definition of a fuzzy accessible vertex we can construct accessible matrix N, containing accessible degrees for each pair of the vertices 
It is obvious that
is a fuzzy subset of the vertices, which are accessible from vertex xi, using fuzzy ways with the length k.
Example 2. For the fuzzy graph presented in Fig.1 we have
is the fuzzy multiplevalued reflection:
. In other words, vertex xi can reach itself with the degree 1. Set
is a fuzzy subset of vertices, which are accessible from vertex xi by some fuzzy way with the greatest possible conjunctive degree. Since we consider finite graphs, it is possible to state, that
Example 3. For the fuzzy graph presented in Fig.1 , the fuzzy transitive closure of vertex x1 is:
is a fuzzy strongly connected graph if it satisfies the following condition:
Here,
On the contrary, fuzzy graph
is a fuzzy strongly connected graph if there is a fuzzy directed way, the conjunctive strength of which is different from 0 between any two vertices.
Let the fuzzy transitive closure for vertex xi look like 
We consider the degree of fuzzy graph vitality as a degree of strong connection, so it will be defined by the formula [11, 12] :
It means that there is a route between each pair of the graph vertices with a conjunctive strength not less than value V.
To allocate service centers in a fuzzy graph we should consider the problem of the "optimum" placing this way: all (residual) vertices are served with the greatest vitality degree.
Let k be a service center (k<n), placed in the vertices of subset Y, |Y|=k, YX, and
is a reachability degree of vertex xj from vertex xi.
Is a vitality degree of fuzzy graph G which is served by k-centers from vertex set Y. Vitality degree ) ( V G Y determines the minimax strong connectivity value between each vertex from set X\Y and a center from set Y.
In other words, one can "leave" the vertex of subset Y, "reach" any vertex of the graph, "serve" it, return to the "initial" vertex while the conjunctive strength of the route will not be less than value
It is clear that value
depends either on the number of centers k, or the allocation of the centers on the vertices of graph G (i.e. on the choice of set Y). Thus, the problem of the allocation of k service centers (k<n) in fuzzy graph G is reduced to determining such a subset of vertices YX, that value of vitality degree
. Fuzzy set of vitality G Ṽ determines the greatest vitality degrees of graph G if it is served by 1, 2… n centers. Values ) ( Ṽ G k (1kn) signify that we can place kcenters in graph G so that there is a route from at least one center to any vertex of graph G and back. The conjunctive strength of the graph will be not less than
Method for finding centers with the largest vitality degree
Let us consider the method of finding a family of all service centers with the largest vitality degree. The given method is a similar method for the definition of all fuzzy base sets [13] and fuzzy antibase sets [14] for fuzzy graphs. Let Y be a subset of the vertices of fuzzy graph
in which the service centers are located and the vitality degree equals to V. Therefore, one of the two conditions for any vertex xiX can be satisfied: a) vertex xi belongs to set Y; b)
there is vertex xj that belongs to set Y and inequalities
Using the notation quantifier form we can get the truth of the following formula: So we can get the truth of the logical formula:
(
While removing the brackets in formula (2) Consequently formula (2) will be represented as:
We can prove the following property:
Property. If further simplification in the formula (4) based on the rules (3) is not possible, then the totality of all vertices, conforming to variables, for each disjunctive term i defines the subset of vertices YX with vitality degree Vi of fuzzy graph
Here subset Y is minimal, in other words, any subset of Y does not have this property.
Algorithm for finding the allocation of service centers
Let us rewrite expression (2) like this: is a binary vector that has dimension of n. The elements of j P are defined as:
Let n=3, so, taking into account our rules of conversion, expression 0.6&p2 is equal to vector 0. 6(0,1,0) and expression 0.4&p3 is equal to vector 0. 4(0,0,1) .
The conjunction of (a1p1) and (a2p2) from expression (5) 
Example 5. The conjunction of vectors from example (4): 0.6(0,1,0)&0.4(0,0,1) = 0.4 (0,1,1) .
Let us define the operation  "less or equal" between binary vectors. Binary vector 
Example 6. (0,1,0)(0,1,1). Considering the algebra in space of weighted binary vectors, we can make a rule of absorption: . Now we can construct statement (6) using the conjunction operation and the rule of absorption of weighted binary vectors by the following algorithm:
1°. Each element of the first bracketed expression (j=1) of expression (5) is converted to weighted binary vector. The result is to be written in the first n elements of the buffer vector
2°. j incrementing (j:=j+1). 3°. Each element of the bracketed expression j is also converted to weighted binary vectors. The result is to be written in the first n elements of the buffer vector
4°. The next stage consists of the conjunction of two vectors 1 V and 2 V . The result is placed into the buffer . While placing elements into 3 V , absorption is made using rule (6) .
5°. All the elements of buffer 3 V are copied to buffer
6°. j incrementing (j:=j+1). 7°. If jn, the next step is 3°, otherwise 8°. 8°. Expression (4) is to be built using elements in the buffer 1 V . This way we have fuzzy set of vitality G Ṽ of
Example of the service centers finding
Let us consider a railway network limited by the stations Novosibirsk, Kemerovo, Barnaul and Novokuzneck. The network is presented in Fig. 2 . The fuzzy graph of this railway network, obtained from the GIS "Object Land" [15] , is represented in Fig.3 . Here the fuzzy graph vertices correspond to the network railway stations, and the fuzzy graph edges correspond to the rail way between the stations. The membership functions of the edges are calculated according to the characteristics of the railway. For example, "if the period of the maintenance of the railway is less than 15 years and the length is less than 20 kilometers, the membership function is equal to 0.9". It is necessary to find the allocation of service centers. For the sake of simplicity, let us present all the subgraphs, strong connection degrees of which equals to 1, by one vertex. As a result we will receive the aggregative fuzzy graph with n=9, which is represented in Fig. 4 : Fig. 4 : Aggregative fuzzy graph of the railway network.
The vertex matrix for this graph has the following form
We raise the contiguity matrix to 2, 3, …, 9 powers. Uniting them, we find an accessible matrix 5
Before the first iteration of the algorithm vectors After the first iteration of the algorithm we have: T V 1 = (0.7(1000000000), 0.7(010000000), 0.6(001000000), 0.6(000100000), 0,6(000010000), 0.6(000001000), 0.4(000000100), 0.6(000000010), 0.6(000000001), 1(110000000)).
After completing the iterations for j=3, 4, …,9, finally we have: T V 1 = (0.4(1000000000), 0.4(010000000), 0.4(001000000), 0.4(000100000), 0,4(000010000), 0.4(000001000), 0.4(000000100), 0.4(000000010), 0.4(000000001), 0.6(100000100), 0.6(010000100), 0.6(001000100), 0.6(000100100), 0.6(000010100), 0.6(000001100), 0.6(000000110), 0.6(000000011), 0.7(101111100), 0.7(100011110), 0.7(101011101), 0.7(011111100), 0.7(011011110), 0.7(011011101), 1(111111111)).
So, the formula (4) for this graph has the form: . ,
The fuzzy set of vitality defines the following optimum allocation of the service centres: if we have 9 service centres, we should place them into all vertices. The greatest vitality degree equals to 1. If we have 6 service centres, we should place them, for example, into vertices 1, 3, 4, 5, 6 and 7 (Inskaya, Barnaul, Novokuzneck, Yrga-2, Surzhenka, Kemerovo). The greatest vitality degree equals to 0.7 in this case. If we have 2 service centres, we should place the centres, for example, into vertices 1 and 7 (Inskaya, Kemerovo). In this case the degree of service equals to 0.6. If we have only one service centre then we can place it in any vertex (for example, Inskaya). Here, the degree of service equals to 0.4. The fuzzy set of vitality also indicates that, for example, there is no need to place 3, 4, or 5 centers. In this case the greatest vitality degree will be the same as in the case of 2 centers.
Conclusion
The task of defining of the optimum allocation of centers was considered as the task of the definition of vitality fuzzy set of fuzzy graphs. It must be noted; that the introduced method makes it possible to define the best service allocations only if the centers are placed in the vertices of a graph (the case of generating new vertices on the edges is not considered). In our future work we are going to examine the problem of the centers' allocation in the temporal fuzzy graphs, i.e. the graphs, edges' membership functions of which change in discrete time.
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